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(54) Black toner, production process, image forming method and image forming apparatus using 
the toner 



(57) A toner for developing an electrostatic latent 
image, including toner particles each containing a black 
colorant and a binder resin, wherein the black colorant 
comprises a metal oxide having a number average par- 



ticle diameter in the range of 20 to 1 00 nm in an amount 
of 10 to 40 % by weight based on a total weight of the 
toner particles. 
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Description 



invention ,s dlLed ,o a S "„„.? P ""* ,C '" 9 '°" er ' "°" PartCU, * r * <"<"*« 

~ .rsrrs ^.Tr^r rrpssrr ™ - F ^ « 

«. .oner containing socd ,t£ ^^tE*^ hlT^ftiS "J"™""' """"^ 

of the conventional carbon black toner Thu. ihn hi^a -I , i T gr "" * sp,0, " c Sravity aa that 

o, r o iIyi „. ms ,,/ s r S oro?r^^ 

and the developing g o0 " 9 se d uence ; 'be charging amount of the tone, is inaottieien, 

[0005] ~ 



[0009] 



following condition: 

(C x d)./(V x T)<5 x 10 -13 . 



[0010] The present invention will be described in detail below with refprpnr* t« th. Q ^ 

o?antld A ar d ^r 9 * ^ ^ inVemi ° n C ° mpriS6S t0ner partic,es *—"0 a o,ac k metal oxide co.- 

a magnetite J ^c:" ^^^^^"T""^ ir ° n ^ h «*« 
mixed composition of FeoTO and Fa o p2£%' ™ ed MnFe ferr| te, polycrystalhne particles composed of a 

to unifo rm.y disperse in the Nnder7es^ soSth^h ' " be '° W 2 ° ^ ° n th6 ° ther hand > the colorant fail * 

y perse the b.nder resm so that the charg.ng amount of the toner is reduced to cause background stains 
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(fogging) and an increase of the consumption of the toner. The number average particle diameter as used herein is 
measured using a transmission electron microscope (TEM). 

[0015] It is also important that the black metal oxide colorant be present in an amount of 1 0 to 40 % by weight based 
on a total weight of the toner particles. Too small an amount of the black metal oxide colorant below 10 % by wefqht 

2? n ° 9 ' Ve \ S TT l °Z ima9e dSnSity ' Wh6n thS am ° Unt iS ab0Ve 40 % b V weignt : the specific gravity of the tone 
becomes so high that , when the toner js used tQgether ^ g ^ ^ & J 9^ ^ se *£™ 

of the earner ,s reduced. For reasons of improved service life of the two-component developer, the amount of the black 
rnn i,° X '? f ° ran ' " 1 0 t0 30 % by Weight based on a totai "eight °' the toner particles 

* fL f bl * t0ner accordin 9 t° t^ P^sent invention has a dielectric loss (tanS) in the range of 3x10-3 to 

and tonelscTSring ^ background stains Urease of toner consumption 

[0017] As used herein, the dielectric loss (tanS) is measured as follows: 

Sample toner is pelletized at a pressure of 480 kg/cm* with a peptizing device (MAEKAWA Testing Machine Type 
M). The pellet ,s on a solid electrode (SE-70 manufactured by Ando Denki Co. Ltd.) and measured for the capac- 
itance (Ca) and conductance (Cd) using a dielectric loss meter (TR-1 0C manufactured by Ando Denki Co Ltd ) 
at a frequency (f) of about 1 KHz. The dielectric loss is determined from the following equation: 

tano = Ca/(27t x f x Cd). 

JSS fl n T ! , HH d t ie ' eCtri< ; l0SS °l the t0nSr bS adjUS,6d by contro,lin 9 the amount of the black metal oxide colorant 

S^^pSSi^ con,ro,lin9 a9em in ,he ,oner and conditions under which ingredie - of tha 

EU?L 11 i !, also h prefarred that the toner have duration magnetization of not greater than 10 Am^/Kg for reasons of 
Tu^T °f e Wh6re t0nSr iS US6d 3S 3 ^-"""Ponent developer. The saturation magnetization 

as used herein ,s measured using a multi-sample rotary-type magnetization measuring device (Model REM-1 Type 1 
manufactured by Toei Industry Co. Ltd.) in a magnetic field of 796 Am2/Kg 

SI f AS / he bind6r u rGSin f ° r USS in thS Pr6Sent invention ^ an V r esin known to be used conventionally for the prep- 
!*" a ,0ner Can be em P ,0 y ed - ,llustra tive of suitable binder resins are styrene resins (homopolymers or copo.y- 
ZZ 2 9 S *7 e ° r ' tS h0m0l °9 ues ) such » P°'ystyrene, poly-a-methylstyrene, styrene-ch.orostyrene copol 
IZZ ne - pr °P y,ene Wymer, styrene-butadiene copolymer, styrene-vinyl chloride copolymer, styrene-vinyl ac- 
tTJZ°r T 6 ' Styrene " ma eic acid copolymer, styrene-acrylic acid ester copolymer, styrene-methacrylic acid ester 
D rIe^f rene " a T ? y !° h ° r0acry,ate ^rner, styrene-acry.onitrile-acrylic acid ester terpo.ymer: saturated 
oheno, Z ' T? h T a P °^ eSter rSSinS ' 6p0Xy r6SinS ' Vir, y' cn'cride resins, rosin-modified malic acid resins 
e^e ethl i ^f" 6 reS ' nS < P°'ypropylene resins, petroleum resins, polyurethane resins, ketone resins, ethyN 
ene-ethylacrylate copolymer, xylene resins, kumaronic acid resins, chlorinated paraffins, and polyvinyl butyrate resins 
^efemed 8 *** a '° ne °' COmbination Amon 9 these binder resins, polystyrene resins or epoxy resins are 

forThe oum^^r 086 ° f 7 PrOVin9 'I 638 '" 9 Pr ° Perty ' thS t0n6r may COntain a wax ' An V wax ma V be suitably used 
for the purpose of the present .nvent.on. Examples of such waxes include low molecular weight polyolefin waxes such 

sucHs^ f h ^r^H P ° lyethy,ene Wax and '™ -olecu.ar weight polypropylene wax: syntUc hydrocaZ waxes 
bees w« f r P h natUra ' """" SUCh Camauba ^ Cande,illa wax * *• wax, montan wax, Jojoba wax 

nvdroZa t T^T^l M m0ntan ™ ™« ^ ^ ™* "axes such as 

of Sr ^ T tu hydr0Xystear,c acid ' P almitic acid and mi.lystyric acid; and metal salts, phenol esters or amides 
of higher fatty acts. These waxes may be used singly or in combination of two or more thereof. The amount of the 

mn,o, 9e T a V ° l ° 20 % by WSight ' Pref6rably 1 " 1 0 % b * weight < based on the weight of the toner 

[□022] The toner of the present invention may contain a charge controlling agent, if desired Any charae controlled 

SdeToSr T T ° f ,0nerS jn eleCtro 9raph may be use'd. Examples of charge £3£tSX 

2 IT 96 ' mPa 9 a96n,S SUCh 3 Nigr ° Sine dye ' 3 ^ternary ammonium salt including a fluorine-mod- 

aaents ZTZIT™™™ T- * ^ ^ ^ 9rcuP-containing polymer; and negative charge imparting 
SmDoun d r rlTZTTfTT 9 m ° n0aZ0 dy6 ' enromium-containing organic dye and metal salts of salicylic acid 
compounds. The amount of the charge contro.ling agent is generally 0.1 to 20 % by weight, preferably 0 1 to 10 % by 

mnli ' r S h 00 WGi9ht ° f thS t0nen f ° r reaS ° nS ° f ° btainin 9 e ro Per charging characteristics. * 
S and L nn er . Pre f SSnt inVe ? i0n may bS miX8d With an 8Xternal additive for the P^^es of improving the 
TJnZl i„h h ° n \ n ° rgam Cf,ne part,c,es ma V be suitab| y a s the external additive. Examples of inorganic fine 
atJ Tnr nJTlj r S , 3 ' tltaniUm ° Xid6 ' bariUm titana,e ' ma 9"esium titanate, calcium titanate. strontium titan- 
ate, zinc oxide, tin oxide, quartz sand, clay, mica, wallstonite, diatomaceous earth, chromium oxide, cerium oxide iron 
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ox.de red. antimony trioxide, magnesium oxide, zirconium oxide, barium sulfate, barium carbonate, calcium carbonate 
copper oxide^ barium oxide, calcium oxide, potassium oxide, sodium oxide, magnesium carbonate, magnesium sulfate' 
oao. siO a , K 2 0. (T.0 2 ) n, AI 2 0 3 -2Si0 2 . silicon carbide and silicon nitride. Above all. silica, titania or alumina is pref- 
erably used. These .norganic fine particles preferably have a primary particle diameter of 5 mu (5 nm) to 2 urn more 
preferably 5 mu to 500 m^. By subjecting these external additives, in particular fine metal oxide powder, to a surface 
reatment to improve the hydrophobic properties thereof, deterioration of the fluidity and the charge properties of the 
toner can be avo.ded even under high humidity conditions. Suitable surface treating agents include silane coupling 
agents, silylating agents, silane coupling agents having a fluorinated alkyl group, silicon oil. organic titanate type cou- 
pling agents, and aluminum type coupling agents. Hydrophobic silica is the most preferred external additive for the 
purpose of the present invention. 

[0024] The inorganic fine particles are used in an amount of generally 0.2 to 5 % by weight, preferably 0 3 to 3 % bv 
weight, based on the weight of the toner. 

[0025] The external additive may also be fine particles of a polymeric substance such as polystyrene polyolefins 
polytetrafluoroethylene, polymethacrylate or an acrylate copolymer obtained by soap-free emulsion polymerization' 
suspension polymenzation or dispersion polymerization: silicone, benzoguanamine or nylon obtained by polyconden- 
sation, zinc stearate, or a thermosetting resin. 

[0026] When the above hydrophobic fine metal oxide powder is used as the external additive, it is preferred that the 
fine metal oxide powder be attached to the toner particles to provide a detaching rate of 30 % by weight or less The 
term "detaching rate" as used herein is intended to refer to an amount of the fine metal oxide powder detached from 
he toner particles, when the toner is sonicated in an aqueous medium containing 1 % by weight of a surfactant at a 
frequency of 38 kHz and a power of 120 W for 10 minutes. 

[0027] More particularly, the detaching rate is measured as follows. Sample toner (4 g) is dispersed in 400 ml of an 
aqueous solution containing 0.1 % of a surfactant (DRYWELL manufactured by Fuji Film Inc.). The mixture is then 
subjected to ultrasonic vibration at a frequency of 38 kHz and a power of 120 W for 1 0 minutes for 10 minutes using 
an ultrasonic washing device (manufactured by NND Inc.). The sonicated mixture is then allowed to quiescently stand 
for 24 hours to permit the toner particles to settle. The supernatant is removed and the wet solids are dried in air at 

f^rT? , a 1 latiVe hUmidity ° f 65 % f ° r at ,eaSt 24 hours - The dried ,oner P articles < 3 9) are pelletized at a pressure 
o 480 kg/cm2 with a peptizing device (MAEKAWA Testing Machine Type M). The pellet is measured for the content 
of the external additive using fluorescent X-ray analyzer (manufactured by Shimadzu Corporation: X-ray power- 40 kV 
1 0 mA). In the case of hydrophobic silica, for example, the amount of Si is measured from the fluorescent X-ray intensity 
using a previously prepared calibration curve. The detaching rate RD is calculated as follows: 

RD = (W0 - W1 ) /W0 x 1 00 (%) 

where W0 and W1 are the weights of the external additive before and after the sonication, respectively. 
[0028] When the detaching rate is 30 % by weight or less, the toner gives high quality images not only in the initial 
s age but also after repeated use for long runs. The detaching rate may be adjusted by controlling mixing force (control 
of shear rate of a mixer for mixing the external additive and the toner particles) and mixing time (control of the operation 
time and number of the mixer). 

[0029] When the above hydrophobic fine metal oxide powder is used as the external additive, it is also preferred that 
the fine metal oxide powder be attached to the toner particles using a Henschel mixer as shown in FIG 1 The mixer 
compnses an inside wall 1 defining a mixing chamber 2, and a rotating blade 3 having a tip portion 3a and disposed 
in the mixing chamber 2 such that a clearance C [m] is defined between the tip portion 3a and the inside wall 1 The 
m.xer,s operated for a period of time of T [ second] such that the tip portion 3a of the rotating blade 3 moves at a 
penpheral speed of V [m/sec]. In this case, it is preferred that the clearance C, peripheral speed V and mixing time T 
satisfy the following condition: 



(C x d)/(V x T)<5 x 10- l3 [m] 



where d is the number average particle diameter [m]. 

[0030] The clearance C is preferably 0.001 to 0.02 m. The peripheral speed V is preferably 5 to 100 m/sec The 
m.x.ng time T is preferably 10 to 1500 seconds. The mixing time T is a total of the actual mixing time when the mixing 
is operated intermittently. The number average particle diameter d is 0. 02x 1 0" 6 to 0. 1 x 1 0 6 (20 to 1 00 nm) 
[0031] The toner according to the present invention preferably has a bulk density of 0.200 g/cm3 to 0 500 o/cm3 

^, Pre ll rab ' y °' 35 ° 9/0013 10 0 45 ° 9/Cm3 ' f ° r reasons of reduction of toner scattering and background stains ' 
[0032] The toner according to the present invention may be used by itself as a one-component toner or may be used 
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together with a carrier as a two-component developer. As a carrier there may be used iron powder, glass beads, ferrite 
powder, nickel powder or a product obtained by applying a resin coating on any of these powder and beads. 
[0033] The following examples will further illustrate the present invention. Parts are by weight. In the examples, the 
image density, color-reproducibility and particle diameter of toner are measured as follows: 

Image density : 

[0034] An image is fixed on a recording paper such that the amount of the toner of the image is 1 .0 mg/cm 2 The 
image density at the toner mass of 1 .0 mg/cm2 is measured with an X-Rite 938 spectrodensitometer using DEN color 
system at "A" response. 



Color reproducibility : 

[0035] Color reproducibility in terms of a* and b* values is measured with an X-Rite 938 spectrodensitometer. 
D50 illuminant and CIE 2-degree observer at a color density of 0.8. 

Particle diameter: 



[0036] The volume average particle diameter herein is measured using Multisizer E (manufactured by Coulter Elec- 
20 tronics Inc.) with a 100 urn aperture tube. 

Example 1 

[0037] 

25 



Polyester resin 


71 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 




diameter: 72 nm : saturation 




magnetization: 0.2 Am 2 /Kg) 


23 parts 


Negative charge controlling agent 


1 part 



[0038] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
ss tenals having different degrees of mixing state and each having a weight particle diameter of 7.0 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneaden solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 12x1 0' 3 and a true specific gravity of 1 .44 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
40 of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced. 
The image was found to have an image density of 1 .40 and color reproducibility of a*= 0.1 , b*= -0.5. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner.. The consumption of the toner 
and carrier service life were tested by repeatedly producing images for long runs. The results were similar to those 
obtained by using the conventional carbon black toner. 

45 

Example 2 



[0039] 



50 


Polyester resin 


76 parts 




Carbauna wax 


5 parts 




TiFe Ferrite (number average particle 






diameter: 96 nm, saturation 




55 


magnetization: 3.0 Am 2 /Kg) 


23 parts 




Metal salt of salicylic acid compound 


3 parts 



[0040] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
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10 



15 



20 



25 



30 



35 



tenals having different degrees of mixing state and each having a weight particle diameter of 9.0 urn. Each of the 
prem.xed materials was melted, kneaded with a dual axis kneader. solidified, ground and classified From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 3x 10* and a true specific gravity of 1 .36 g/cm3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.). and an image was produced 
The image was found to have an image density of 1 .33 and color reproducibility of a*= -0.0. b*= -0.2. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The consumption of the toner 
and earner service life were tested by repeatedly producing images for long runs. The results were similar to those 
obtained by using the conventional carbon black toner. 

Example 3 

[0041] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


Fe 2 0 3 -Mn 2 0 3 (number average particle 




diameter: 55 nm : saturation 




magnetization: 2.0 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[0042] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 11 .5 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader solidified, ground and classified From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 4x10* and a true specific gravity of 1 .41 g/cm^ was selected. The selected toner particles (100 
parts) were then mixed with 0.4 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company Ltd.), and an image was produced 
The image was found to have an image density of 1 .35 and color reproducibility of a*= - 0.1 . b*= -0.3. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The consumption of the toner 
and earner service life were tested by repeatedly producing images for long runs. The results were similar to those 
obtained by using the conventional carbon black toner. 

Example 4 

[0043] 



40 


S tyre ne- aery I ate resin 


67 parts 




Low molecular weight polypropylene 


5 parts 




Titanium oxide sintered material 






(number average particle 




45 


diameter: 30 nm. saturation 






magnetization: 0.5 Am 2 /Kg) 


27 parts 




Negative charge controlling agent 


1 part 



50 



55 



[0044] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 5.5 u.m Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 13x1 0* and a true specific gravity of 1 .51 g/cm* was selected. The selected toner particles (100 
parts) were then mixed with 0.9 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced 
The image was found to have an image density of 1 .42 and color reproducibility of a*= -0.2. b*= -0.3. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner The consumption of the toner 
and earner service life were tested by repeatedly producing images for long runs. The results were similar to those 
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obtained by using the conventional carbon black toner. 

Example 5 

[0045] 



Polyester resin 


54 parts 


Carbauna wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 72 nm ; saturation 




magnetization: 0.5 Am 2 /Kg) 


40 parts 


Negative charge controlling agent 


1 part 



E2?„ i composition was mixed usin 9 a Henschel mixer under various conditions to obtain premixed ma- 
tenals having drfferent degrees of mixing state and each having a weight particle diameter of 7.0 urn Each of the 
oSZ iTrT W * S ™* ed > kneaded wi,h a dual axis ^ader, soiidified, ground and classified. From the thus 
d^ectric 3 J nZlfn T?*™ 6 * ^ degree ° f miXin 9 state ' one kind <* toner particles having a 

n^fw T,t ? ° 3 SP6Ci,iC 9raVitV ° f 172 9/0013 Was selected ' The sele ^d toner particles (100 

o f 2 Zt T n 6 Pa " ° f hydroDhobic silica toobtain a toner. This toner was charged in a toner container 

rZ ZT T 9 T°T e ° ma9i0 MF223 ° manufact ^ed by Ricoh Company. Ltd.), and an image was produced 
The image was found to have an image density of 1 .45 and color reproducibility of a*= 0.1. b*= 0 0 Thus The imaae 
and C ° mpa ;f 16 10 that ° blained b * usi ^ the conventional carbon black toner. The consumption of the toner 

we^e simnL rr ZT ^ Pr ° dUCin9 ima96S f ° r '° n9 The reSults of the toner consumption 

were s.m, ar to those obtained by using the conventional cartoon black toner. However, the carrier life was about 90 % 
of that of the conventional carbon black toner. 

Comparative Example 1 

[0047] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 


diameter: 15 nm, saturation 




magnetization: 0.2 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



ShJS 6 h « C °T° S,t,0n " M m,xed usin 9 a Hensc nel mixer under various conditions to obtain premixed ma- 

22i2 9 t T e9 ? 6S ° f m ' Xin9 State and 6aCh haVi " 9 a wei 9 ht P article dia ™ter of 7.0 urn Each of the 
prem.xed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified From the thus 

2212 Va T US | k,nd s S °l t0ner P f iC ' eS h3Ving different d69ree 0f mixi "9 state °n* kind of toner panicles having he 

1 on T 8 ° f 2 ° X 10 and 3 SP8CifiC 9raVity ° f 1 41 was selected - The Elected toner parte es 
ionlS? I \ T >Xed With 0 6 Part ° f h V dro P hobic silica to obtain a toner. This toner was charged in a toner 
oroTuced T^'^ f 9 TT* manufac, " ed b V *■»»• Company, Ltd.), and an image was 
produced. Tne .mage was found to have an image density of 1 .45 and color reproducibility of a*= -0 1 b*= -0 2 Thus 

2 ^ t W !l C ° mParable t0 that ° btained by USin9 the conve "tional carbon black toner. The consumption of 

of £ t ? I reP !, ated ' y Pr0dUCin9 imagSS f ° r '° ng mnS - The consumption was 1 .5 times as large as that 
of the conventional carbon black toner. y 

Comparative Example 2 

[0049] 



Polyester resin 
Polyethylene wax 



74 parts 
5 parts 
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(continued) 



MnFe Ferrite (number average particle 
diameter: 140 nn% saturation 
magnetization: 0.2 Am2/Kg) 

Negative charge controlling agent 



20 parts 
1 part 



S h J? nn iS* 8 c °7 0Sltlon was mixed usin 9 a Henschel mixer under various conditions to obtain premixed ma- 
ZtV»7„ g , ? 9re6S m ' Xin9 St3te and 6aCh havi " 9 3 wei 9 ht P article diameter ° f 7.0 urn. Each of the 

SJnJ?JTJT a ? TIT ' knead6d 9 dUa ' aXiS kneader - S ° lidified ' dround and classified From the thus 
obtained yar.ous k.nds of toner particles having different degree of mixing state, one kind of toner particles having a 

d.electr.c loss 6 of 6x10-3 and a true specific gravity of 1 .42 gW was selected. The selected toner particles 100 
ofan ZT T miX6d T °' 6 ° f h ^ dr °P hobic silica *> ° btain a toner. This toner was charged in a to'ner conti iner 
t[T,ZT T 9 r^' ne (,ma9i ° MF223 ° manufactured b V Company, Ltd.), and an image was produced 

The .mage was found to have an image density of 1 .15 and color reproducibility of a*= 0.2. b*= 0 1 Thus the imaoe 
quality was not good as compared with the conventional carbon black toner. 9 

Comparative Example 3 

[0051] 



Polyester resin 


44 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 120 nm ; saturation 




magnetization: 0.5 Am 2 /Kg) 


50 parts 


Negative charge controlling agent 


1 part 



erif is ha I nn «Z C °T Slt ' 0n W3S m,xed us,n 9 a Henschel mixer ^ various conditions to obtain premixed ma- 
tenals having different degrees of m,x,ng state and each having a weight particle diameter of 7.0 urn. Each of the 

oZIh ? r S f melted - kneaded with a dual kneader, solidified, ground and classified. From the thus 

obtained yanous kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
d,electr,c loss 5 of 8x1 o* and a true specific gravity of 1.89 g/cm3 was selected. The selected toner particles (100 
parts) were then m,xed with 0.6 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an .mage fomn.ng machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced 
The .mage was found to have an image density of 1 .42 and color reproducibility of a*= 0.3, b*= -0 6 Thus the imaoe 
and carrr^f 6 * by USinQ the conventi ° nal ca *°" black toner. The consumption of heToner 

ZTZlr t l !? d bV rePeat6dly Pr ° dUCing imageS f ° r lon 9 runs - The r ^'t3 of the toner consumption 

Z ZTnf h ♦ T y USin9 thS conventional cart >° n black toner. However, the carrier life was about 60 % 

of that of the conventional carbon black toner. 

Comparative Example 4 

[0053] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


TlFe Ferrite (number average particle 




diameter: 72 nm, saturation 




magnetization: 0.5 Am2/Kg) 


20 parts 


Negative charge controlling agent 


1 part 



^h^n^^T^ 00 was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of m.x.ng state and each having a weight particle diameter of 7 0 urn Each of the 

obtZd mat6na ? r S f me ' ted ' ""^^ W " h 3 dUa ' 3X18 Kneader ' SO,idifie * 9— d a " d O—id Fro- the h£s 
obtained venous k.nds of toner particles having different degree of mixing state, one kind of toner particles having a 
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dielectric loss 5 of 2 • 10* 3 and a true specific gravity of 1 .40 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company Ltd.), and an image was produced. 
The image was found to have an image density of 1 .15 and color reproducibility of a*= -0.4, b*= 0.3. Thus the image 
quality was not good as compared with the conventional carbon black toner. 



Comparative Example 5 
[0055] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 72 nm, saturation 




magnetization: 0.5 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[0056] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 7.0 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 30x1 0" 3 and a true specific gravity of 1 .41 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced. 
The image was found to have an image density of 1 .45 and color reproducibility of a*= -0.5, b*= 0.2. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The consumption of the toner 
was tested by repeatedly producing images for long runs. The toner consumption was about 2 times as large as that 
of the conventional carbon black toner. 

Comparative Example 6 



[0057] 



Polyester resin 


86 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 100 nm, saturation 




magnetization: 0.5 Am 2 /Kg) 


8 parts 


Negative charge controlling agent 


1 part 



[0058] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 7.0 um Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 2xt0" 3 and a true specific gravity of 1.40 g/cm 3 was selected. The selected toner particies (100 
parts) were then mixed with 0.6 part of hydrophobic silica to obtain a toner. This toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced. 
The image was found to have an image density of 1 .05 and color reproducibility of a*= -0,2, b*= -0.4. Thus the image 
quality was not good as compared with the conventional carbon black toner. 



Example 6 
[0059] 



Polyester resin 



64 parts 



9 
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(continued) 



Polyethylene wax 

TIFe Ferrite (number average particle 
diameter: 72 nm ; saturation 
magnetization: 12 Arr>2/Kg) 

Negative charge controlling agent 



5 parts 



30 parts 
1 part 



5, The above ""Position was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
□rem VeZiZ^ *T! °l ^ ^ 3 diameter of ,0^1 

obZ?H I T* Kneaded With 8 dUal axiS kneader ' solidified - 9 r °""d and classified From the thus 

S 3^0 « 10 3° a n nd P r iC,6S ha ^ 9 differem de9ree ° f miXin9 State ° ne kind ° f toner particleT aving " 
dielectric loss 5 of 8-s 10 and a true specific gravity of 1 .54 g/cm3 was selected. The selected toner particles (100 

of an , m ' Xed Wi,h °' 6 Paft ° f h y dr °P hobic silica ^ obtain a toner. This toner was charged in 

of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image ^1 

The ,mage was found to have an image density of 1 .23 and color reproducibility of a*= 0.1. b"= 0 5 Thus the image 

W^^IT^ T C0 T nti0na ' Ca,b0n WaCk t0ner - The "o^on of the tonJrTJZ™% 
7aci toZ 9 " S 9 rUnS - t0nSr consum P tion was smaller than that of the conventional carbon 

Example 7 
[0061] 



Polyester resin 
Polyethylene wax 

MnFe Ferrite (number average particle 
diameter: 72 nm, saturation 
magnetization: 0.2 Am 2 /Kg) 

Negative charge controlling agent 



71 parts 
5 parts 



23 parts 
1 part 



S . The aboVe composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 

premtxe * 9 T! °l *"* ^ * ^ partiC,e diameter of 7.0 ^IS of The 

premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified From the thus 

^TZTX^ZZT 68 "T 9 different d69ree ° f miXln9 ^ ° ne ki " d °< ton^artShavi g 
nlrttfr 1 V tme Spec,flC gravity of 1 44 & cm3 was selected. The selected toner particles (100 

PartS) H^^ C ° f hydr ° Ph0biC Si ' iCa ^ f0 " 0Win9 ~"~ 10 *«-" a 

Revolution speed of the mixer: 1 890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times 
2 or Th f e thuS ob, * ined toner was f ° und to have a detaching rate of 0.05 %. The toner was charged in a toner 
IrnTZ °! an,ma9e f0rmina machine < imaaio MF2230 manufactured by Ricoh Company, Ltd ) and an mage was 
produced. The .mage was found to have an image density of 1 .35 and color reproducibility of a*= -0 1 b*- 0 5 Thus 

wa^eXt^ 

was repeated for 60, 000 runs. The 60, 000th ,mage had an image density of 1 .34 and good color reproducibility The 

Example 8 
[0064] 



Polyester resin — 
Polyethylene wax 

MnFe Ferrite (number average particle 



71 parts 
5 parts 



10 
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(continued) 



10 



15 



20 



25 



diameter: 72 nm, saturation 
magnetization: 0.2 Am 2 /Kg) 
Negative charge controlling agent 



23 parts 
1 part 



[0065] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 7.0 urn. Each of the 
prem.xed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 12x10-3 and a true specific gravity of 1.44 g/cm3 was selected. The selected toner particles (100 
parts) were then mixed with 0.8 part of hydrophobic silica under the following conditions to obtain a toner 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times. 
[0066] The thus obtained toner was found to have a detaching rate of 0.08 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image was 
produced. The image was found to have an image density of 1 .33 and color reproducibility of a*= -0 1 b*= -0 5 Thus 
the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. The 60, 000th image had an image density of 1 .34 and good color reproducibility The 
toner consumption and carrier life were good. Also measured were toner scattering and background stains The results 
are summarized in Table 1. 

Example 9 

[0067] 



30 


Polyester resin 


76 parts 




Carnauba wax 


5 parts 




TiFe Ferrite (number average particle 






diameter: 96 nm, saturation 






magnetization: 3.0 Am 2 /Kg) 


23 parts 


35 


Metal salt of salicylic acid compound 


3 parts 



40 



45 



50 



[0068] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 9.0 urn Each of the 
prem,xed materials was melted, kneaded with a dual axis kneader solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 3x10-3 and a true specific gravity of 1.36 gW was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica under the following conditions to obtain a toner 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1 890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times. 
[0069] The thus obtained toner was found to have a detaching rate of 0.05 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was 
produced. The image was found to have an image density of 1 .33 and color reproducibility of a*= -0 0 b*= -0 2 Thus 
the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. The 60,000th image had an image density of 1 .33 and good color reproducibility The 
toner consumption and carrier life were good. Also measured were toner scattering and background stains. The results 
are summanzed in Table 1 . 
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Example 10 
[0070] 



5 


Polyester resin 


74 parts 




Polyethylene wax 


5 parts 




Fe 2 03-Mn 2 03 (number average particle 






diameter: 55 nm : saturation 




10 


magnetization: 2.0 Am 2 /Kg) 


20 parts 




Negative charge controlling agent 


1 part 



[0071] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 11 .5 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 4x10-3 and a true specific gravity of 1 .41 g/cm3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times. 
[0072] The thus obtained toner was found to have a detaching rate of 0.05 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image was 
produced. The image was found to have an image density of 1 .38 and color reproducibility of a*= -0.1 . b*= -0.3 Thus 
the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. The 60,000th image had an image density of 1 .35 and good color reproducibility. The 
toner consumption and carrier life were good. Also measured were toner scattering and background stains The results 
are summarized in Table 1 . 

Example 11 

[0073] 



35 


Styrene-acrylate resin 


67 parts 




Low molecular weight polypropylene 


5 parts 




Titanium oxide sintered material 






(number average particle 




40 


diameter: 30 nm. saturation 




magnetization: 0.5 Am 2 /Kg) 


27 parts 




Negative charge controlling agent 


1 part 



[0074] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 5.5 u/n Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 13x1 0"3 and a true specific gravity of 1 .51 g/cm3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times. 
[0075] The thus obtained toner was found to have a detaching rate of 0.05 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was 
produced. The image was found to have an image density of 1 .42 and color reproducibility of a*= -0.2 b*= -0 3 Thus 
the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. The 60,000th image had an image density of 1 .40 and good color reproducibility The 
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Example 12 

[0076] 



Polyester resin 


54 parts 


Carbauna wax 


5 parts 


TiFe Ferrite (number average particle 


diameter: 96 nm ; saturation 




magnetization: 3.0 Am 2 /Kg) 


1 6 parts 


Metal salt of salicylic acid compound . 


3 parts 



£2? h J he IT 6 COmposition was mixed usi "9 a Henschel mixer under various conditions to obtain premixed ma- 
tenals hav.ng different degrees of mixing state and each having a weight particle diameter of Zn^I. 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 
Mixing time: the above operation was repeated 12 times 

SuJ^^Z^^- t0nSr T t0 haVG 8 det3Ching ratS ° f 0 05 % - The toner wa * <*«B«1 ^ a toner 

Example 1 3 
[0079] 



Polyester resin 


71 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 


diameter: 72 nm. saturation 




magnetization: 0.2 Am 2 /Kg) 


23 parts 


Negative charge controlling agent 


1 part 



E? h composition was mixed usi "9 a Henschel mixer under various conditions to obtain premixed ma 

tenals hav.ng d.fferent degrees of mixing state and each having a weight particle diameter of T m ™h of Thi 

dieted loi 5 of 1 2x £22 T different de9ree °' mixin9 State ' one kind of toner P a ^les having a 

nil!? 2 10 and a tme Specif,c 9 ravit V of 144 9/cm3 was selected. The selected toner particles M00 

src " B pan " * a unde> ,he ,o " o,v ' n9 » — ■ »- r 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 
Mixing time: the above operation was repeated 8 times 

Sner^rilff 6d T ^ * haw 3 detaChi " 9 rate ° f 014 % ' The toner wa * barged in a toner 
tnTZ °; h an,ma9e f0rm f ,n 9 mach,ne ( ,maai0 MF 2230 manufactured by Ricoh Company, Ltd.), and an image was 
produced. The .mage was found to have an image density of 1 .35 and color reproducibility of a*= -0 1 b "= 0 5 Thus 
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the .mage quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60 ; 000 runs. The 60 : 000th image had an image density of 1 .34 and good color reproducibility The 
toner consumption and carrier life were good. Also measured were toner scattering and background stains. The results 
are summarized in Table 1 . 

Comparative Example 7 

[0082] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 72 nm, saturation 




magnetization: 0.5 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[0083] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 7 0 urn Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 2;< 1 0* and a true specific gravity of 1 .40 g/cm3 was selected. The selected toner particles (1 00 
parts) were then mixed with 0.6 part of hydrophobic silica under the following conditions to obtain a toner 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1 890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was conducted only once. 
[0084] The thus obtained toner was found to have a detaching rate of 0.20 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image was 
produced. The image was found to have an image density of 1 .15 and color reproducibility of a*= -0 4 b*=0 3 The 
image production was repeated for 60, 000 runs. Good image quality was not obtainable after long runs The results 
are summarized in Table 1 . 

Comparative Example 8 

[0085] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 72 nm, saturation 




magnetization: 0.5 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[0086] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
tenais having different degrees of mixing state and each having a weight particle diameter of 7.0 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified From the thus 
obtamed various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectnc loss 8 of 30x 1 0-3 and a true specific gravity of 1 .41 g/cm3 was selected. The selected toner particles (1 00 
parts) were then mixed with 0.6 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was conducted only once. 
[0087] The thus obtained toner was found to have a detaching rate of 0.20 %. The toner was charged in a toner 
container of an .mage forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was 
produced. The image was found to have an image density of 1 .45 and color reproducibility of a*= -0.5. b*= 0 2 Thus 
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the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. Good image quality was not obtainable after long runs. The results are summarized in 
Table 1 . 



5 Comparative Example 9 
[0088] 

w 



15 



20 



25 



30 



Polyester resin 


64 parts 


Polyethylene wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 72 nm : saturation 




magnetization: 12 Am 2 /Kg) 


30 parts 


Negative charge controlling agent 


1 part 



[0089] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 7.0 .urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader. solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 8X10" 3 and a true specific gravity of 1.54 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was conducted only once. 
[0090] The thus obtained toner was found to have a detaching rate of 0.20 %. The toner was charged in a toner 
container of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was 
produced. The image was found to have an image density of 1 .23 and color reproducibility of a*= -0.1 f b*= -0:5. Thus 
the image quality was comparable to that obtained by using the conventional carbon black toner. The image production 
was repeated for 60,000 runs. Good image quality was not obtainable after long runs. The results are summarized in 
Table 1 . 
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Example 14 
[0091] 



Polyester resin 


71 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 


diameter: 72 nm ; saturation 




magnetization: 0.2 Am2/Kg) 


23 parts 


Negative charge controlling agent 


1 part 



ES?h l « VS composition was mixed usin 9 a Henschel mixer under various conditions to obtain premixed ma- 
tenals having Afferent degrees of mixing state and each having a weight particle diameter of 7 0 urn Each of The 

obtZd matSri ? r S r elt6d ' Wi,h 3 dUa ' axiS kneader < s °™^ ground and classified From th thus 

d.electr.c loss 5 of 12x 1 0 3 and a true specific gravity of 1 .44 g/cm3 was selected The selected toner oarticles finn 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Sl^I^r 1110 " W8S rePeat6d 12 ,imeS ' namel * a total mixin 9 «me (T) was 360 seconds 
Clearance C between the tip of the blade and the inside wall 0 01 m 

[0093J Peripheral speed V of the tip of the blade: 49.5 m/sec The (C x d)/(V x T) value (d represents the numhor 

average particle diameter of the b.ack metal oxide) was thus 4.0 x 1 0- m . & toJ^^^^c^Z 

of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image wL produced 

The image was found to have an image density of 1 .35 and color reproducibility of a*= 0 1 b"= 0 5 Thus fhe imaae 

quality was comparable to that obtained by using the conventions carbon black toner The image p^uctfon was 

repeated for 60,000 runs. The 20,000th and 60,000th images were found to have good image S <S££ZT 

Example 1 5 



[0094] 



Polyester resin 


71 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 


diameter: 72 nm, saturation 




magnetization: 0.2 Am 2 /Kg) 


23 parts 


Negative charge controlling agent j 


1 part 



£2?h J l « Ve composition was mixed ^ing a Henschel mixer under various conditions to obtain premixed ma- 

^r g , r d69reeS ° f mlXin9 St3te and each havi "9 a wei 9 ht P a ™* ^meter of 7 oTm Each of The 
oZZ maten f Was , me,ted " kneaded with a dual axis kneader, solidified, ground and classified From the hus 

eectS o^Trof Si 0 -^daT'* 5 ^ ° f ^ ^ on. kind of toner partShavi g 1 

nlrttfr 1 V SpeClf '° 9raV,ty of 1 44 & cm3 was elected. The selected toner particles M00 

pan&) ZL::r^ d c ^ 01 hydrophobic siiica under me fo,iowing <° — « a ™ 

Revolution speed of the mixer: 1 890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

r| , r r LT^ t K he h abOVe ° Perati0n WaS repeatSd 12 times ' namel * a total mixin 9 «™ CO was 360 seconds 
Clearance C between the tip of the blade and the inside wall: 0.005 m 
Peripheral speed V of the tip of the blade: 49 5 m/sec 

x^ mTe llirT ( J reP T emS nUmbSr aVera9e PartiC ' e di8meter of the black metal ««*> was thus 2.0 

by Ricoh Comoin v [ t r^„H r9 ' °' imagS Mg machine < ima 9 io MF2230 manufactured 

Dy R.coh Company, Ltd.), and an image was produced. The image was found to have an imaae densitv of 1 33 and 
color reproducibility of a*= -0, , b*= -0.5. Thus the image aua.it/was comparab.e to *££S££?Z& the con 
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ventional carbon black toner. The image production was repeated for 60 : 000 runs. The 20.000th and 60.000th images 
were found to have good image quality (preciseness). 

Example 16 

[0096] 



Polyester resin 


76 parts 


Carnauba wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 96 nm, saturation 




magnetization: 3.0 Am 2 /Kg) 


23 parts 


Metal salt of salicylic acid compound 


3 parts 



[0097] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 9.0 u.m. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of Sxio* 3 and a true specific gravity of 1.36 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.6 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 
Mixing time: the above operation was repeated 36 times, 

namely, a total mixing time (T) was 1080 seconds Clearance C between the tip of the blade and the inside wall- 
0.01 m 

[0098] Peripheral speed V of the tip of the blade: 49.5 m/sec The (C x d)/(V x T) value (d represents the number 
average particle diameter of the black metal oxide) was thus 1.8x10^ m . The toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced. 
The image was found to have an image density of 1 .33 and color reproducibility of a*= -0.1 . b*= -0.2. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The image production was 
repeated for 60,000 runs. The 20,000th and 60, 000th images were found to have good image quality (preciseness). 

Example 17 
[0099] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


Fe 2 0 3 -Mn 2 0 3 (number average particle 




diameter: 55 nm, saturation 




magnetization: 2.0 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[0100] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 11.5 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 4x1 o~ 3 and a true specific gravity of 1.41 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner. 

Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 
Mixing time: the above operation was repeated 12 times, 

namely a total mixing time (T) was 360 seconds Clearance C between the tip of the blade and the inside wall- 
0.01 m 
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[0101] Peripheral speed V of the tip of the blade: 49.5 m/sec The (C , d)/(V ■■: T) value (d represents the number 
average particle diameter of the black metal oxide) was thus 3.1-1 <>-" m. The toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.). and an image was produced 
The image was found to have an image density of 1 .38 and color reproducibility of a*= -0.1 . b*= -0 3 Thus the imaqe 
5 quality was comparable to that obtained by using the conventional carbon black toner. The image production was 
repeated for 60 : 000 runs. The 20 ; 000th and 60 ; 000th images were found to have good image quality (preciseness). 

Example 18 
10 [0102] 



15 



20 



25 



30 



35 



Styrene-acryiate resin 


67 parts 


Low molecular weight polypropylene 


5 parts 


Titanium oxide sintered material 




(number average particle 




diameter: 30 nm ; saturation 




magnetization: 0.5 Am 2 /Kg) 


27 parts 


Negative charge controlling agent j 


1 part 



[01 03] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 5.5 urn Each of the 
prem.xed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified From the thus 
obtained var.ous kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
d.electr.c loss 5 of 13xl0-a and a true specific gravity of 1 .51 g/cmS was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner. 
Henschel mixer: Type 20B 
Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 
Mixing time: the above operation was repeated 24 times, 

namely, a total mixing time (T) was 720 seconds Clearance C between the tip of the blade and the inside wall: 
0.01 m 

[0104] Peripheral speed V of the tip of the blade: 49.5 m/sec The (C x d)/(V x T) value (d represents the number 
average particle diameter of the black metal oxide) was thus 8.4x10-" m. The toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company. Ltd.), and an image was produced 
The image was found to have an image density of 1 .42 and color reproducibility of a*= -0 2 b*= -0 3 Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The image production was 
repeated for 60,000 runs. The 20,000th and 60,000th images were found to have good image quality (preciseness). 

40 Example 1 9 



[0105] 



45 



50 



55 



Polyester resin 


54 parts 


Carbauna wax 


5 parts 


TiFe Ferrite (number average particle 




diameter: 96 nm, saturation 




magnetization: 3.0 Am 2 /Kg) 


1 6 parts 


Metal salt of salicylic acid compound 


3 parts 



[0106] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
terials having different degrees of mixing state and each having a weight particle diameter of 9.0 u.m. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained var.ous kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 8 of 3x10-3 and a true specific gravity of 1 .36 g/cm3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner 
Henschel mixer: Type 20B 
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Revolution speed of the mixer: 1 890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 4 times, namely,' a total mixing time (T) was 720 seconds 

Clearance C between the tip of the blade and the inside wall: 0.01 m 
[0107] Peripheral speed V of the tip of the blade: 49.5 m/sec The (C >: d)/(V x T) value (d represents the number 
average particle diameter of the black metal oxide) was thus 2.7 x 1 0' 1 * m. The toner was charged in a toner container 
of an image forming machine, (imagio MF2230 manufactured by Ricoh Company, Ltd.) ; and an image was produced. 
The image was found to have an image density of 1 .35 and color reproducibility of a*= -0.0, b*= -0.2. Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The image production was 
repeated for 50.000 runs. The 20.000th and 60 : 000th images were found to have good image quality (preciseness). 

Example 20 



[0108] 



Polyester resin 


71 parts 


Polyethylene wax 


5 parts 


MnFe Ferrite (number average particle 




diameter: 72 nm ; saturation 




magnetization: 0.2 Am 2 /Kg) 


23 parts 


Negative charge controlling agent 


1 part 



[0109] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
25 terials having different degrees of mixing state and each having a weight particle diameter of 7.0 am. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 12x10-3 and a true specific gravity of 1.44 g/cm 3 was selected. The selected toner particles (100 
parts) were then mixed with 0.5 part of hydrophobic silica under the following conditions to obtain a toner. 
30 Henschel mixer: Type 20B 

Revolution speed of the mixer: 1890 rpm 

Operation pattern: operated for 30 seconds and then stopped for 60 seconds 

Mixing time: the above operation was repeated 12 times, namely, a total mixing time (T) was 360 seconds 
Clearance C between the tip of the blade and the inside wall: 0.01 m 
35 [0110] Peripheral speed V of the tip of the blade: 49.5 m/sec The (C x d)/(V x T) value (d represents the number 
average particle diameter of the black metal oxide) was thus 4.0 x 1 0" 14 m. The toner was charged in a toner container 
of an image forming machine (imagio MF2230 manufactured by Ricoh Company, Ltd.), and an image was produced. 
The image was found to have an image density of 1 .35 and color reproducibility of a*= -0.1 , b*= -0.5 Thus the image 
quality was comparable to that obtained by using the conventional carbon black toner. The image production was 
40 repeated for 60,000 runs. The 20 s 000th and 60,000th images were found to have good image quality (preciseness). 

Example 21 



[0111] 



Polyester resin 


74 parts 


Polyethylene wax 


5 parts 


Fe 2 0 3 -Mn 2 03 (number average particle 




diameter: 55 nm, saturation 




magnetization: 2.0 Am 2 /Kg) 


20 parts 


Negative charge controlling agent 


1 part 



[01 12] The above composition was mixed using a Henschel mixer under various conditions to obtain premixed ma- 
ss terials having different degrees of mixing state and each having a weight particle diameter of 12.5 urn. Each of the 
premixed materials was melted, kneaded with a dual axis kneader, solidified, ground and classified. From the thus 
obtained various kinds of toner particles having different degree of mixing state, one kind of toner particles having a 
dielectric loss 5 of 4x 10' 3 and a true specific gravity of 1 .41 g/cm 3 was selected. The selected toner particles were 
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used as a toner. The toner was charged in a toner container of an image forming machine (imagio MF2230 manufactured 
by Ricoh Company Ltd.), and an image was produced. The image was found to have an image density of 1 30 and 
color reproducibility of a«= - 0.1, b*= -0.3. Thus the image quality was comparable to that obtained by using the con- 
ventional carbon black toner. The consumption of the toner and carrier se^ice life were tested by repeatedly producing 
images for long runs. The results were similar to those obtained by using the conventional carbon black toner 
[0113] As w,ll be understood from the above results, the black toner according to the present invention can give high 
quality images with image density comparable to that of the conventional carbon black toner. The black toner is also 
safe and heat resistant and has good developing efficiency and workability. 



Claims 



1 . A toner for developing an electrostatic latent image, comprising toner particles each including a black colorant and 
a binder resin, wherein said black colorant comprises a metal oxide having a number average particle diameter 
in the range of 20 to 1 00 nm in an amount of 1 0 to 40 % by weight based on a total weight of said toner particles. 

2. A toner as claimed in claim 1, and having a dielectric loss in the range of 3x1 0 3 to 15x10-3. 

3. A toner as claimed in claim 1 or 2. wherein the amount of said metal oxide is in the range of 1 0 to 30 % by weight. 

4. A toner as claimed in any preceding claim, and having saturation magnetization of not greater than 1 0 Am2/Kg. 

5. A toner as claimed in any preceding claim, further comprising an external additive of fine metal oxide powder in 
an amount of 0.2 to 5.0 % by weight based on the weight of said toner particles, said fine metal oxide powder 
be.ng attached to said toner particles such that, when the toner is sonicated in an aqueous medium containing 1 
/o by weight of a surfactant at a frequency of 38 kHz and a power of 1 20 W for 1 0 minutes, the fine metal oxide 
powder is detached from said toner particles in an amount of 30 % by weight or less based on the weight of said 
fine metal powder before the toner is sonicated. 

6. A toner as claimed in any preceding claim, further comprising an external additive of fine metal oxide powder 
attached to said toner particles by being mixed with said toner particles using a Henschel mixer for a period of 
time of T [ second] , 

said mixer comprising an inside wall defining a mixing chamber and a rotating blade having a tip portion and 
d.sposed in sa.d m.xing chamber such that a clearance C [m] is defined between said tip portion and said inside wall 

said mixer being operated such that said tip portion of said rotating blade moves at a peripheral speed of V 
[m/sec], 

wherein said clearance C, peripheral speed V and mixing time T satisfy the following condition: 

(C x d)/(V x T)<5 x 10" 13 [m] 
where d is the number average particle diameter of said metal oxide in unit meter. 

7. A toner container containing a toner according to any one of claims 1 -6. 

8. An image forming apparatus comprising a toner container according to claim 7. 

9. An image forming method comprising developing an electrostatic latent image with a toner according to any 
of claims 1-6. » » 



one 



10. A method of preparing a toner, comprising mixing toner particles, each including black metal oxide colorant having 
a number average particle diameter d of 0.02x10-* to 0.100x10-6 [m] and a binder resin, with fine metal oxide 
powder using a Henschel mixer for a period of time of T [second] , 

said mixercomprising an inside wall defining a mixing chamber, and a rotating blade having a tip portion and 
disposed .n said mixing chamber such that a clearance C [m] is defined between said tip portion and said inside wall 
[ m/sec]' d m ' Xer be ' n9 ° Perated SU ° h that Sa ' d tip P ° rti0n ° f said rotating blade moves at a Peripheral speed of V 
wherein said number average particle diameter d, clearance C, peripheral speed V and mixing time T satisfy 
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(C x d)/(V x T) < 5 x 
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